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Telotnerase is a ribonucleoprotein enzyn"le capable of 
adding hexanucleotide repeats onto the ends of linear 
chrotnoSOlnal DNA. Whereas nortnal sOlnatic cells 
with a litnited replicative capacity fail to express 
telotnerase activity, Inost in"ln"lortal eukaryotic cells 
do. Cells of renewal tissues (e.g., skin, intestine, 
blood) require an extensive proliferative capacity. 
Sotne cells in such renewal tissues also express teloln-
erase activity, Inost likely to prevent rapid erosion of 
their telotneres during cell proliferation. III this 
study, we Ineasured the levels of telon"lerase activity 
in dissected con"lpartInents of the hUlnan hair follicle: 
hair shaft, gland-containing fraglnent, upper inter-
tnediate fragment (where it is thought undifferenti-
ated stem cells reside), lower intermediate fragtnent, 
and in the bulb-containing fraglnent (an area with 
high tnitotic activity containing a more differentiated 
D uring the process of cell div isio n. DNA mu sr he faithfully replicated . N o rm al som atic ce ll s in ve r-tebra tes, howeve r. arc unabl e to compl etely re pli-cate the ends of linear DNA m o lecul es (O lovni-kov, 197 1 ; Wa tson , "1972), res ulting in th e 
sh ortenin g of chro m osomal e nds (telomeres) with each ro und of 
ce U division . Telo me re s. composed of tande m repeats of the 
seque n ce TTAGGG in vertebrates (rev iewed in Blackburn, 199 1), 
a re th o ught to prevenr degradation o r abermnt re combina tion of 
th e chro m osomal en ds (Hastic and Allshire, "1 989; Z akian. 1989). It 
ha s bee n pro posed that th e e ros io n of telomeres during ce ll di visi o n 
is a mi totic clock tha t limits the re pli ca tive capa city of no rmal 
so matic cell s (Harley 1'1 (I I, 1990; Shay l'/ (I I, 1994), and the reachin g 
of a criti cal telome re length signals cell sen escen ce o r ag in g 
(O lovn ikov. 197 1. 1973; Allso pp and H arl ey . 1995) . Telo m erase is 
a ribonucleoprotein e nzym e that can use its RN A component as a 
te l11plate fo r the addi tio n of teloll1eric repeats to the ends of the 
c hro m osomes (GI'e ide l' and Blackburn , 1985, 1987) and. thus, is 
tho ug ht to compe nsa te for te lo m ere erosion . Altho ugh llI os t nor-
l11al somatic ce ll s 00 not express relomerase ac ti vity. its activity is 
found in ma le reproducti ve ce lls and in 1110St primary tUlllo rs 
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pool ofkeratinocytes). In anagen follicles, high levels 
of telolnerase activity were found aln"lost exclusively 
in the bulb-containing fragment of the follicles, with 
low levels of telotnerase in the bulge area (interme-
diate fragments) and gland- containing fragtnent. In 
comparison, catagen follicles had low levels of te-
100nerase activity in the bulb-containing fragments as 
well as in other cotnpartments. Such observations 
indicate that, in anagen hair follicles, the fragments 
containing cells actively dividing (e.g., transient am-
plifying cells) express telomerase activity, whereas 
fragments containing cells with low mitotic activity, 
for exalnple, quiescent stem cells, express low levels 
of telolnerase activity. Kl!JI I/!ovds: stem cells/qlliescellce/ 
pl'o/ijel'atioll /teiomercs. ] [,,,,est Damato/ 108: 113- 117, 
1997 
(Coullter ('( til, 1994; Kim ct ti l, 1994). T he presence oftelol11erase. 
and subseq uen t m aintenance of telom e re length. implicates telom-
crase activity as playin g a ro le in preventin g sen escence III these 
immorta lized ce ll s. Likewise, it is tho ught that thc extreme p ro hf-
e ra t ive requirements of cells fo und in renewa l tissues su ch as the 
blood. skin . and intestine wou ld also be capa bl e of cxpresslllg 
I . . f l " t I·ec ' Il t reports havc te o m e rase actl\lIry . In support 0 t li S con cep . l: . . . 
demon strated the presen ce of te lo m erase activity in hem atopOienc 
progenitor cells and activated lymph ocytes (Broccolli ('( tI ~, 1995; 
Hiyam<l C( II I, 1995 ; C hiu ('( ti l, 1996; Iga rashi and Sakaguchi , 1996; 
Wen g ct (II, 1996). th e epidermis (Harle-Bachor and Boukamp, 
·1996; Taylo r I't aI, 1996), and the intestin e (Hlyam<l ('( (I I, 1996) . 
T he te lo m eres of cells ti'o m these tissues , however. a lso declllle 
w ith do n o r age (Hastic 1'( ti l. 199 0; Lindsey cI til, 199 1; Vaz iri et ti l, 
1994; Hi yama c ( ti l, "1 996). suggesting that the level of expresSIOn of 
te lo m e rase i.n ce ll s of renewa l tissues is suffi Cient to slow. but not_ 
. T l . Id I' ke l), exrend the life snan o f preven t, telom e re e rOSIOiI. li S WOll I . . . r 
th e se ce lls but would not co nfer immo rtali ty. 
T he h a'ir fo lli cle is a specializcd appcndage of ~le sk.in in whi ch 
an extraord in arily high level of pro li fe ration. suffiCient ro Sll~port 
f I . I ' . rQdll ced fi·om a vc r)' restncted m an y cycles 0 lair growt I. IS P . : 
numher of cells. We hypothesize that the speClahzed cell popu la-
tions respollsible fo r rhis mitoti c activity. al'e lik ely ro. express 
te lOll1 e ra se and that te lo ll1e rasc plays a Criti cal ro le 111 m all1 tall1 l11g 
hair g rowth . T he putative ste m ce lls I'esponsibl e to r overa ll fo lltc-
ular h ea lth arc th o u!!;h t to he con ccntrated Ill . or Just below. thc 
bu lge area of the h;~ir fo lli cle (Cotsarclis t't nl, 1990; Yang C( (I I, 
I ') ')3 ; R ochat cr Il l . 1994; Akiy;tl11a ('( (II, 1995). T h ese stem cell s arc 
thoug ht· to g ive ri se to specialized tran sient ampli fy ill g ce ll s that 
Il022-2f1 2X / 97 I s f 0.50 • Copyright \f') f ')')7 hy T he Socicty fo r Ill vesti!;ativc Derntaro logy. Illc. 
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Figure 1. Tc\omerase activity localized in the bulb-containing 
fragnlent of hUlnan a llagen hair fo llicles. a) Photom icrograph o f a 
hUlll an imagen hair folli cle depicting the fi v" histo logic compartments in to 
w hich rhe specimen., were dissecrcd. Scale bar, 0.5 mm. IJ) Representati ve 
resul ts frO Ill six anagc ll fo llicle fi'om which the five bjstologic compartlHents 
were d issected and grouped. then subjected to the TRAP assay. T he 
tclom et; c products were segregated in a po lyacrylamide gel. ITA S. inter));'] 
Telo ll1 e rase Activity Standard . 
reside in the bulb regio n of the anagen fo llicle. The cell s in t hi s 
region are hig hly proli fe r a t ive and their proge n y m a ke up th e hair 
Sh:lft. In thi s re p o r t w e d ocull1ellt that tclo m e nlse ac tivity is presen t 
in hum an hai r follicle s and th;l t . in imagen follicles . m ost of this 
"ctiv ity is COl1 c (;Jlt:rated in th e bulb rath e r than th e bulge r e gion. 
W e a lso re po l·t that, w h e n a llagen foll icles con ver t to catagen 
follicl es and hair shaft e lo n gatio n ceases, there is a 1 O-fo ld d ecrease 
in the levels of te lo m e ra se activ ity d etected in the cata gen bu lb 
reg io n compared to th e anag en bulb regio n. T h e impli cations of 
th ese observations a rc di s(;ll ss<:d. 
M ATER..I ALS AND M ETH O DS 
Hair Follicle Specimens W ith the consen t of the Institutio nal Review 
Board and the patients. hair fo ll icles were o htainl!d (rol1l 6- lllln punch 
biopsies (Bake r C UllImins Ph armaceuticals. Miami . FL) after the adminis-
tration or loca l anesthes ia. Biopsies we re taken fro m six health )' human m ale 
sul"\i ecrs w lr o ranged in age fi'o lll 26 -65 y. Hair fo lli cles were isolated fro m 
both ve rtex and parieta l sca lp o f five s nl~ j ects (nos. 1-5). Specilll ens w ere 
:11 .'0 harve~tcd fron } the chest, ing uinal regio n. and leg of o ne of these tIve 
subjccrs (subject S). Specimen.< from tlt l! bC;]I'd rl!gion were o btained fi'o m 
the sixth subjl!ct. U nde r the dis.secring microscope (15 X powl!r) (\Vild, 
H l!erb l'l'l,;g. Sw itzerland ). anagen and catagen hail' fo lJicJ r.:s Were isnl;ncd 
rronl co nnective t issli e w ith :l sc~d pc J and j c\vcJc rs forceps. fo JJicJcs tj·orn 
subj ect ,I wcre bis 'c tcd in to lIpper and lower hal ves. whcre:1S {i ve separ;!!'c 
compartlll e nts (as cl cscribl!d by I~oc lt"t 1'1 01 1994). i. e .. hai r shali: . g land-
cOllt;tining fra g nl c llt. uppe r in tcn ncdi:ltc fn.l g mc ll t . lower intcrn1 Cdiarc. 
fi'''gnIl!IH, and bulb- co ll tai ning fragmen t. we re isolated frolll fo lli cles of rit e 
o th er rive indi vidua ls. subjects 1-3 and 5-6 (Fig la). 1'01.11' to six specilllells 
fro m c<teh fo llicle compartmcnt harvested 1'1'0 111 " sing le subj l! Gt w crc placed 
ill a flli c rofugc tube . Aash fr o zc ll jll li quid nitrogen , and stored at - 80°C. 
Teio lnerase acti vil ), (Kim d rlJ, 1994; l'i ai:)'szck dill, '1 <)')5; W righ t d " I, 
I 995) was anal yzed the to llowing d" y. 
Preparation of T issue Extracts T iss ue extracts Were prepar"d as 
previoll sly descrihed (Taylo r 1'1 "I, I 1)\)6) with some nlOdif, c;ltio ll s. I: rozen 
spcc inlc ns cO ll tUlnill g Four to six di.o;.'iccrcd .... anlplcs 'we l·c thawcd and 
subsequ en tl )' tra nsfe rred to Ko ntes ho mogeni zatio n tubes (V\x/ R Scien ti/l c 
inc .. Sugarl alld. TX) conrailli ng 30-50 J.tI o f iCL!- co ld lys is bulfe r (O S!!., 
3-1 (3-cho hlltlido prop yl)-d ill1 lO til yl-al11nloll io l- l - propanlOsulfo narc. 10 111M 
Tris(hydrox), ll1 c th yl)alllillol11 crhall c-HC I ' pH 7.5], I 111M MgCI2 • I nlM 
Clhylcncglyco l- hi s( i3-a lllinolOthyl ether-N,N,N' .N' -tc traacc ti c ac id . S 111M 
(3-l11crcaproctlt<lIlo l. 0 . 1 111M 14-(2-al11inoc tlt yl)-be llzenc-sulfo n),1 Iluoride 
h ydl'ochlorine j. II)'Y" g lycerol). l-\olt1ogelli z'1tion was c" \Tied o ut w ith 
eli spo,,, !>le pes tl es (VWR Scien tiFIC) attached to a co rdle ss drill (13lack I); 
Decke r. lJalr;mo re . MD) il JJd ro tated ;l l' 450 rpm. Ho mogenates were left on 
icc fo r 3() Inill fo llowed b y centrifugatio n ofl y.sates at J 4. 000 rpm at 4°C 1'0 1' 
20 min . Snp"rtl<tt;l tl ls (25-40 I.d) \Ve re co llected ill fresh Eppc lldorf tubes. 
THE JOU RNAL OF INVESTIGATIV E DERM ATO LOGY 
flas h fi'ozen ill li qujd ni trogen . and sto red at - 80°C. Befo re fi' cezing, a 
I O-I.d "Iiquot w as trall sferred in to a separate Eppeudorf tube fo r protein 
co ncentra tion ana lysis using the 13CA (bicincho ninic acid) prote in assay kit 
(Pierce C hemica l Co ., Rockfo rd . IL) . 
T clomeric Repeat Amplification Protocol (TRAP) T o e valuate the 
approx imate levels oftclo l11crase activity in the different dissectl!d compart-
m enrs, TRA I' assays were perfo rm ed as prev io usly described (Piatyszck c/ ai, 
1')95; WriglH CI ai, 1995) including au intcnla l tc lorn crase activity standard 
(IT AS) (Wri ght /'1 ai, 1995). TclonlCr;rsc can add TTAGGG repeats to a 
non-tdomc ri c o ligonucleotide TS (5'-AATCCGTCGAGCAGAGTT) that 
Serves as tlt e forwa rd primer. T hese elo nga tion pro ducts can then be 
po lyme rase cltain reac tion (PC R) amplified using rhe reverse primer ex 
(5 ' - ICCCTTA b CCCTAA). r.es ul tin g in a ladde r or 6-bp additi on products. 
T he ass,,), Can be made semiquantitative b), the inclusio n of an ITAS. a 
150-bp fragm ent contain ing T S and CX sequences at th l! l!nds. w llieh is 
co-amplifi ed along w ith the telo merase ladder (Piatyszek cI ai, 1995; Wright 
c/ III, 1995) . Tissue extracts were normalized to 0.6 /Lg tota l pro tein per 
"ss"y. T lt e PC R.-based assay was carried o ut in previo usly prepared H otStart 
50 tubes (GIl3C O l3lU, Gaithersblll'g, MD) containing lOO n g of CX 
oligon ucleotide beneath a wax barrier 'lIld stored ;I t 4°C until needed. 
AJiq uots con ta ining 0.6 /Lg of ro wl pro tein we re as.sayed in 50 J.LI of reaction 
mixture (20 111M Tris(hydrox)'l11 ethyl)amino methane-HCI [pH 8 .3J, 68 111 M 
KC I, 1.5 111M M gCI,. 1 mM eth ylerll!gl ycol-bis({3-aminoethyl cchee-
N ,N ,N' .N' -tetraacctic acid . 0 .0 5'1<, Tween 20. 0.1 ILg ofTS primer. 0. 5 /-tM 
T ., gene 32 protein. 50 /LM of each deoxYl1ucleotide rriphosph.1t.c. 2 U of 
Tnq DNA polym l! ra sc. 4 /LC i of I ev-" PJdCTP [! I) ILCi/ ml11ol]. and 5 X 
10 - ' · g (5 attograms) oflTAS (Wright ell/ I, ( 995) . The inclusio n of IT AS 
not o nly permits relati ve quantitatiol1 between samples but also aids in the 
identifi catio n of fa lse negative samples that ~ontain Ta'l polymerase o r other 
PC R inhibi tors. The reacti on mi" tllre was incubated at (00111 temperature 
fo r 30 min to allow tclo merase to exrend T S primer (Midl and Certified 
R.eagent Co .. Midblld. TX) fo llowed by a 3 1-cyclc peR amplifl carion 
(thc l'/nocycling block w ith heated lid , /-18-00. MJ R.escarch. Watertown. 
MA) ofth" telo l)1 eric products. Analysis of20 fJ.1 of the PC R mi xtures was 
performed on 10% nondenaturing acry l.amidc gels. Gels we re fixed in 0.5 Nt 
NaC I. 50% ethallol, and 40 mM sodium acetate (pH 4.2) in a rocking table 
fo r 30 IUill at roo III rCJllpc raturc. E:xcess fi:x:in g solu tio n was rClllovcd, and 
gels we re exposed at room temperatu re to phosphor screens overnight and 
vis uali zed o n a Phospho rlrnager using 1l11a geQuant softwa re (Molecular 
Dynamics . Sunnyvale, CAl . 
Quantitat ion ofTclolller .. se Activity T he levels of tdornerasc activity 
were no rm'.lli zed to tha t of the ITAS. T he rdativ e telom erasl! activ ity w as 
dete rmined by c;II cuhlting the ratio of the intensity of the area under peak s 
represen tin g tciolll eri c re pea ts (TRAP bidder) to the area under the peak 
re presl!ll ting amplitied ITAS. Triplicate aliquors r"om selected sJlnpks were 
anal yzed . and consistent resu lts were obtained . Pooled r,1 tio resultS from 
each sampl e g ro up were then c:ornparcd fo r ~ tati sticai significance using 
ll o np;lral11etric analyses and rank m ctho d UMP So ftware . C ary. N C). The 
Wiicoxon/ KJ'llSka l Wa lli s Tes t combined with the Tukey-Krame r Illul tiple 
n1C{\n cOlnpariso n s p[oced utc and the analys is of va ri '1I1cc /t test procedu re 
were used fo r all independent gro ups. All image operatio ns and calc ulations 
were perfo rmed using' ImageQ uant softw'lI:l! (Molecular Dynamics) and 
Microsoft Escel 5.0 (M.i cro so l~ Corpora tion , Redmond. W A). 
RESULTS 
Telomcrasc Activity Was Dctcctcd in thc Bulb-Containing 
F ragmcnt of Hair Folliclcs from Differcnt Anatomical Re-
gions Anagen hair follicl es from the sca lp of s llbject 4 were 
di ssec ted in to uppe r and lowe r halve s and eva lu ated fo r telol11e rase 
activ ity w ith the TR-AP as~ay . W e detected teiomeras(; ac ti v ity o nl y 
in the low ' J' h alf of the follicl e (data n o t sh own). A.n agcn follicles 
fr'O Il1 subsequen t subjects (n os. 1-3 and 5 and 6) were di ssected into 
five compartme nts: hair shaft, g land- colltainin g h'ag l11ent, upper 
inte rm ed iate ti'agm e nt, low e r in terrne diate fi'a g m c nt, and bulb-
containin g fra g m e nt (Fig 1n) . Spe cil1le ns were co ll ected and 
te lo ll1e rase activity assayed for each compa r tment. Anage n h air 
follicl es frol11 subject 5 w e re harve ste d fi:om severa l diffe re nt 
a na tom ical region s: ve rtex and parie tal scalp , c h es t, in g uinal region , 
and leg. Subject 6 provided fo \Lides fi'ol11 t lt e beard arc a. T cl oll1-
c rase acriv ity was found to b e con centrate d ill th e bulb-con tain ing 
h'agm e nt of all rolli c k s assa yed irrespeni ve of th e anato mi caj 
regio n fi'om w hic h they w c re h a r vested (Fig 1b). Low levels of 
telomerase activity were foulld in the lower , upper interl11e diace. 
a n d g land-contain ing fi'agl11 e n ts, bu t 11 0 a(;tiv ity was d ete c table i.n 
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Table I. Relative Telomerase Act ivity Levels in the 
Parietal Scalp Atnong Anagen Hair Follicles from Three 
Individual s 
Utllb Lo\vc r Uppcr Gland 
Area" Ill tCrl l1cdiatl' 
,. Ill t~nncdiatc' Area" 
Subjec t I" 4(,5" 17 H'.l 13 
Subjcct 2,< 275 12 46 30 
Subject 3" 285 211 38 '14 
Mean 341.7 2 1.0 I (d 57.7 
SEM 61.7 7.5 2.3 IS.H 
II The hulh regio lls fro ll1 six :l nagc ll h;lir t(} lIi dc~ WCfe dissCClCd (as described by 
R.ocl wt (', a/. 11)9 4) fro lll cach uf lhrcL' m ale su hjec ts (Nos. 1.2. and 3) .mel assayed fur 
[C \ O I11 C f :lSC acrivity. 
b A g roup of six Inwcr illtc r11lcd ian.~ frat;ll1cllts li'om ;1I1 ~lgC I1 hai r fo lli cles WCfe 
o btai ned fro lll c;lc h of three ll1ak· suhjec ts (Nos. I. 2. :1110 .1). 
(' Six upper illl cflll cdiau ..: li·<!g-I11 ClllS . (;()l1fa ining !"I1t.: hul ge regio n. fru m ~lI1agc l1 hair 
fo llicl es we re obtain ed fi'u lIl each o f t lt rel.! m ale suhjects (Nos. I . 2 . 'lII ei 3). 
" A STOUp of six g land-col1rail1ill g li-ag:111CIlI"). fi-om a l1 :1l:!CIl hair I (lll id {'~, w hic h 
c OIlla in SCb:H;Ctl ll S g lands and li'agm c ilts 0 1" c pi derlllis, wen: " bwin ed a lld dissecr.ed (as 
described by Roclj;J( t'( al. I ,)C).I) fro nl l!ach n t"l\Jrcc I1wk !" ul~i cCi s ( 1. 2. ;1110 .1). 
t' Su bject 1 \\':I!":l 26-y-old 11Ii1le with 11 0 sign s ot" halding- and :1 lI e~:Iri\'c t:II\1i ly hi sto r), 
of ba ldn ess. 
I Va lues n .:p rcsellt le kllller:lsc :u: li v il), Illca n fnull trip lic:lle :w rllplcs suhjected (-0 
T IU P ana lysis. 
.v. S uhject 2 wali i1 2'J-),-o ld 1II :1 le w ho had type III (bit c mpora l rccessio n ) IIwl e p:ntcm 
ba ldness (Norwood. Ie)::; ", ) :lIld a f;,rn il y hi slc>r), of lll a ic parrcrn ha idnes)., 
"Subjecl .3 W :IS a (,S-y-nld llI<1ie w ho had tYIlL' V I (I(OIlla l :llI d "cn ex) kl ldin g 
(Norwood. 1')84). 
the h air shafts (Fig 111). Th is trend ill activity loca lization was 
o bser ved in fo lli cles fi 'om a ll ~ive subj ec ts (nos. 1-3 and 5 alld 6). 
To va li datc these observations . tripli cate assays w ere performed o n 
fo LLi cles from three of these illdi viduals (s ubj ects 1-3). Assayin g 
te lome rase ac tivity ill the an agen fo ll ic les ti'om the pa rietal sca lp of 
th ese three subjec ts revea led th at te lo m erase leve ls were statisti ca ll y 
h ig h e r in the bulb-contai ning fragments than those te lOl11crase 
leve ls detected in othe r follicle fragments (Tables I and II). 
Inte res ting ly, the leve l of te lo m erase ac ti vity in the bulge (upper 
intermedia te) region ofa lla gen fo lli cles was a lso signifi cantly highe r 
than tha t in the lower illte rm ed iate and g land-con taining frag-
m e nts. 
Telomerase Activity Is Concentrated in the Bulb-Contain-
ing Fragment of Anagen but Not Catagen Hair Follicles 
A nagen and catagen fo lli cles were o b ta in ed fi 'om the vertex scalp of 
o n e subj ect (subject 2) and dissected in to fo ur compartm cnts: 
g land-con w inin g fi·agm e nt. upper in tcnnediate fragm cn t. lo w e r 
Table II. Statistical Comparisons of the Mean 
Telomerase Activity Levels Among F ollicular Fragments 
Gland 
Area" 
Bulb arca 5.·11 I n.Ooo 1 I 
12.HO/ O.OO(l3 ' 
Lower n.S7 / 0.57<J2/ 
Intermediate 0. 71/ 0.400 1:; 
Uppcr 2.33/0.0:>33 / 
Intenned iate 5.53/0.0 I 87 
Upper 
Illtc l'lnc ciiarc 
.J. til) / Il.OOIl21 
12. 17/0.000 5 
2.72/ ll.(l IS2 / 
7.74/ lJ.r11l54 
L o \vcr 
Illte nTlediatc 
5.SI1 / 0.0(l()() / 
12.7') IO.OO()3 
.• Bu lb arc;!. lowcr im c rl11c ci i:lt t: , upper ill (C rII ICd iaIL'. and g- Ialld arca as dC :icribcd in 
Table 1. 
h V<l l uc ~ :1I'C st:llisrica ll y sit;lIiti '--·;) lIl. 
( Valu e!" rc prcsc lH analysis of tclo ll1 t: rast: ;lCriv it )' li'o m I(l ll ic lt: l(agHH.~ nt~ dL'sig-nated 
by the row t irlL' L'o l1lp:II'ed 1.0 arri v it )' Iro ll1 frag ll ll' lI l"s dcl·illt.!d by t hc CO IUIIIII ti d ~. 
A NOV Air I ~~l and \V i1cnxon / l{ruska l W:dli ~ ICS I Wl.'rL' empl nycd 1"0 llIa kl.' llle :lIl 
c o mpa ri son s ii'o ll! t rip lie;\ lt' rcsults o fT ltAP a ss; I )'~ li·oll1 three I'llai c li l1l~ i L'ctS (Nos. I . 
2. a n d 3). D :1 l"a sh own arL' :IITan gcd ill rhc f() lI ow il1 !-! order: t (est / p Va llie / c hi sq u are / p 
> c hi squa rc. 
TELOMEItASE ACTI V ITY IN HAIR I'OLLICL ES 115 
a 
HAIR SHAFT 
GLAN D 
CONTAINING 
UPPER 
INTERMEDIATE 
LOWER 
IN TERMEDIAT E 
b 
liI.IIIIII ... 4- IlAS 
Anagen Catagen 
Figurc 2. Levels of telomerase activIty in th e bulb-containing 
foUicle fragments is lower in catagen follicles than in anagcn 
follicles. n) Photomicrograph ( 15 X ) or a human carage ll hair fo llicle 
rl cp icon g' till': fo ur hi sto logic CO Il'p,lrtrllc n ts i llto which rh e SP CCi tllCl1 S we re 
dissec ted . Scale har. O.5 ml11 . Ii) Four separate histo logic cOl11 parL1llcnts from 
cach nf six :magc ll alld six carage ll hair fo ll icles werc subjected to TR.A I' 
assay , and th e tc lo llieric produ ct!" were segregated in a polyac rylnl1'ude ge l. 
ITAS. Imcrtlal Tdol1lerase Activit), Standard . 
in termediate fi·agment . and bu lb- containi ng fragment (Fig 20) . 
Te lo m era se acrivity (Fig 2 b) was q uantitated and fo und to be 1 n 
t im es lower in the bulb-conta inin g fi'agment of catagen hai r fo ll icles 
than t hat in the bu lb-con ta inin g fi'agm en t of :lnagcn follicl es . In 
ad di tion . there were similarl y low levels of te lom erase activity in 
the remainin g three fj'a gm ents of :magell hair lo llicles w hc ll com-
pared to ca tagen hair fo ll icles (Ta ble III). 
Detectable Telomerase Activity Docs Not Vary Signifi-
cantly w i th Increasing Age or Among Individu als with Mal e 
Pattern Baldness Amwen hair folli c les were isolated fi'olll the 
D . I 
ve rtex and parieta l sca lp of th ree indi viduals. Subj ect. ' :vas a 
26-y-o ld male with no sign of ba ldin g and a nega ti ve f.1 11l11 y history 
of haldn ess . w hereas subject 2 W;lS a 29-y-old male w ho had type III 
(bi tempora l recess io n) n~a l e pattern baldn ess (Norwood, '1 98-l) , and 
a fillnil y history of malc pa ttern baldness. Subj cct 3 was a 65- y-o ld 
m ale with type V I (fi'on ta l and vc rtex) ba ld ing (Norwood , 1(84). 
Verte x fo llic les h arvested fi 'om subj cct 3 were isolated fi'o lll pun ch 
biopsies taken ti'om the trans itio; , zone be tween hjs bald and 
hair-bearing sca lp. Samples fi'om all t hree subj ects were ~issected 
in to fo ur compartm en ts an d te lo m crasc activ ity was q uan tttated as 
Table III. Relative Telomerase Acth,ity Level in Anagen 
and Catagen Hair Follicles 
Telo l11 crasc Activity 
An:1gc. 11 .. C atagc ll " R.atio
r 
Hair Fo ll icle 
l3u lb- co lll. ;)ining ti'aglllcl1t" 727 (13 11 .5 
Lower inte nncrliare ti'agll \Cnt 55 78 0.7 
U pper il1 r:c n n ed ia tc fr ;}gll lC ll t 71 11 3 (J.(, 
G land-co llrai lling Jj'agnlc llt 2$ 18 1.0 
.1 Six :I n:1gclI fo ll icles \\'cre o hul in cd 1"1'0111 the p:lri el:1 1 sC:1 lp of OIlC illcii"idual (s lll ~jc('( 
2) and di .... ~ctcd in fO fo ur !Tag-men u :\S SCCIi ill F i g:. t t,. Fraglllcll l-s w~rc gro lll'c~ hy 
IlH:::lliu ll :lI1d suhllliued for TRA P an a lysis . T h ese d :H:I a rc rcpn:!scllfatl\'C , ·al ll l.' s 11'0 111 
n nl' cxpcrilllCl11. 
/' Six CII:I ~C Il it) J1 idcs o htai ned 1"1-0111 the S:lIl1l' indi "idll :ll \ p:lrictal .. call' "'ere 
simi la rl y d i li~cclcd :llld anal yzed fo r tc lo ll1craSl' activity . V:l 1u c s (roln OIlC cXI'L'ri l11cn t 
arc .. ho wlI . 
. Il:l tio o(wil3l11cr:l:'c k\·c1:. li'll ll1 :IIl:l t.!C II fo lli cle fr:l}!:IIlt.!tHS to IdoJlll.: raM' Icvcl:. fro m 
cal":lgclI fo lli ck fra!-! l1Icflt!'i. 
,I Bu lh-t.:ollt:lin ing-. lower ill tl' rlllcdia lc , upper iIlI t:l'nlL'd i:lI c. allo glano-co llt :li l1i llg-
fj':!g I1lCllt S were d issected alld g rllu pL'd as in Tabl e I. 
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above. No sign ifi cant diffe rences ill tclo merase ;) (; tivity levels we re 
observed with in creas in g age o r am o ng the d iffe rent types of mal e 
patte rn baldn ess we sa mpled (data no t shown). 
D ISCUSS ION 
Recen t evid ence indicates that telolllerase-competent imm ortal 
turno r cell lines can regu\;lte the ir ex press io n oftelomel'ase (S harma 
cl aI, 1995 ; H o lt ef aI, 1996). Telo m crase activity docs not vary 
signifi cantly as a fun ction of the cell ycle in pro life ratin g cells, bLlt 
its activity is greatly red uced in quiescen t cells (H olt ci (/1,1996). It 
is un li ke ly tha t quiescent ce ll s lI eed to express an en zym e req uired 
tor the complete repli cation of the te lo me res. A lso, the m echan ism 
th 'lt regulates telo m erase fU llction during the cell cycle m ay not be 
adeq ua te to control its activ ity for th e m o n ths or yea rs th at stem 
cells may spend in iI quiescent state . T he o bservatio n that qui escen t 
telOl11el'ase- competcnt 'cell s do not express telomera se activity can 
ex p lain o ur resul ts. The fo lli cu!;lr stem cells ha ve been repo rted to 
be lo cated in the b ul ge region (Yang cf (/1 , 1993; H..o chat ef aI, 1994: 
Akiyama eI (/ /, 1995) , which is con tained in the upper in te rm ediate 
fi'agmen ts of our d issections. T he majori ty of these cells are tho ught 
to be in ~11 L1n diiferenti ,lted (Akiyama ef (/1, 1995) and quiescen t state 
(CotsarC\ is pf aI, 1990) th ro ughout most of th e fo lli cular gro wth 
cycle (Rocha t ef ai, 1994) . T hus, even if these slow- cycl ing ce lls are 
tclo l11 e rase-competen t, te lol11erase ac tiv ity would be expected to 
be l o~'" or below detectable levels. T he low leve ls of te lo m erase 
activity that we observed in t ir e in termediate fi'agm en ts, parti cul arl y 
the uppe r interm ed iate, suppo rts this co n cept. 
It is now tho ught that, beca use very few large co lo n y-formin g 
ce ll s arc lo calized to the bulb regio n , clonogenic ce lls 6'om the 
bu lge region give ri se to an intermedia te clo ne of cell s th at, 
n o nethe less, possesses signi fica nt gro w th pote n tia l. r~ochat ef al 
(1994) refer to them as ma trica l amp li fying cell s. h ypothesizin g that 
this special popul ation arises ii'om follicul ar stem cells tha t a rc 
respond ing to g rowth-stimu lato"y signa ls from dermal papill a ce lls 
durin g anagen. T hese l11 atri cal ampli fy in g cell s produce proge ny 
that becom e the d iffere n tiated ce ll s needed to m ake the hai r shaft . 
Such ce ll s might be pred icted to ex press te lo m erase ac ti vilY if n o 
chan ge in th e te lo l11erase competency of th e cells ha s occurred 
dLII;ng th e tran sition fro m stem ce ll s. W he n signals arc pI'ese n t to 
ini tiate anagen , these interm ed iate cells wou ld be gene ra ted, and as 
th ey beco m c mi totica lly ac ti ve , te lo l11e rase would also becom e 
ac tivated . In addition, o n ce the mi totic signalin g fi 'om de rnlal 
papilla cells decreases, the c;ltagen phase (;1 regressing state) is 
in itiated, and te lo me rase wou ld be down regulated. T bus, as the 
pro li fe ra ti ve pool of ce ll s diminishes, so does the number of 
tclom el'ase-co mpeten t ce lls, T his cycl e of te l om crase acti vity up-
regul ation durin g hair sh aft production, fo ll owed by downregul a-
tio n d uring th e res ting phases. 'lppears to con tinu e th ro ugh o ut the 
li fe time of the individual. O ur resul ts. fro l11 a limi ted number of 
patien ts, rev ea led very li ttle qU;11l ti tative djJfe rence in the levels of 
telom er;lse ac tivity ill anagen fo lli cles from young IJCrs llS o ld er 
individua ls o r the ba ld IJ(: r .I"IIS no n bald con ditio n . 
As we ini tia ll y reported (Taylo r ef aI, '1 <)96), and as later 
con fIrmed by H arle-Bachar and Boukamp (199 6) , the ba.)al I'lyer of 
the ep idermis is the sou rce of te lo m erase activity in the ski n . The 
specific cel l type .s responsible fo r this telo lllc rase ac tivity in no rmal 
ep idermis arc at present unkno wn; however , they are like ly to be 
ce lls tho ug ht to have lo ng term re newal capacity, slIch as the 
e piderm al stem ce ll s. Sin ce th e pe rcentage of stern cell s in epidermi s 
is estim ated to be l O'}(. (Freedbe rg, 19<)3) , w ith a sm alle r fi 'actio n 
be in g in a pro li fe rati ve state, th e so urce of most of the detected 
tclomera sc ac tivity in th e basal region of th e epidermis is likely to 
in vo lve subseq uent p ro life rati ve descendent(s). T hu s, th e p utative 
basa l stem cells mi gh t not be the m ain so urce of tclo l11 erase ac tivity 
detected in th e basal layer of cpidermis. Instead, transient ampli fy-
ing ce lls in the basal layer of ep id ermi s may ex press tclomerase 
ac tivity that wou ld co rrelate with th eir pro li ferati ve and regenen,-
tive ro le. O ur resu lts arc co nsistent with those p revio usly re po rted 
in fi 'eshl y isola ted lymph ocytes and hel11ato po ie ti c stem cell s. 
Freshl y isolated lymph ocytes arc quiescen t and ex hibit very low o r 
TH E Jou rt.NAL or I NVE~TIGAT I VE DERM /\TOLOGY 
no de tectable te lo l1le rase activity but, upo n mi togen stimulation , a 
tran sie n t increase in tel01l1e ra se activity is observed (B rocco l.li cl ai, 
1995; Counter ef aI, 1995; Hiyama ef (/1, 1995; C hiu ct al, 1996: 
Igarashi and Sakaguchi , '199(): We ng rl ai, 19%). III additio n, it h as 
been demon strated (H iya111<1 ef aI, 19<)5) that, a ltho ugh th e l110st 
primiti ve quiescent hematopo ie tic stem ce lls (C D34 -, IC D38""'') 
h ave no o r very low levels of rclom era se activity, the ir iml11 ediate 
progeny (C D34 l /C D38 +) have l11uch hig her level s. Tclomerase 
ac ti vity in activated lymphocytes d ecl ines w ith dOll o r age, ,mel 
telol1l e res arc l1lu ch sho rter in the e lderly w he n co m pared to ce lls 
fro l11 yo unger indi vidual s. T hus, th e h em atopoie tic lin eages (and by 
an alogy the stel11 ce ll s of epidermi s) appear both tcl o llle rase-
competen t and m o rta l. 
Of som e con cern ar c th e potentia l e ft-ects o f putative anticancer 
te lo l11 e rase inhibi to rs on norma l stem cells . O ur resul ts suggest tlwr 
primitive ste m ce ll s lack o r ha ve low leve ls of te lo merase ac tivity, 
pro bably because they arc quiescen t for much of tlle ir life span and 
may o nl y be minimall y affec ted by anti- te lo rn er;lse th erapy. FIU"-
th erm ore, although th ose stem cell s th at trans ie ntly ex press tclol11-
erase activi ty mi gh t be affected by such therapies, a tre iltm ellt 
peri od could be design ed to end prior to stem cell attri tio n (becau se 
th ' ir telo m ere lengths are generall y lo n ger than th ose o f the can cer 
cel ls) , thereby preservin g th e repli cative "biJi 6cs of d ividiug stem 
ce lls. 
T llis flJOr/.! IPas suppol'ted by (1 .t:rf1 II1./i'OIlJ GCI'll" C'0I1JOrrtlio" ((\'lc lI /" l im'l.!, CA) til 
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